I. INTRODUCTION multicanier modulation-based systems include digital audio using orthogonal frequency-division multiplexing (OFDM).
A major problem of multicarrier modulation is its large peak-to-average power-ratio (PAPR) which makes system performance v e v sensitive to distortion introduced by nonlinear devices, e.g., power amplifiers (PAS). In order to mitigate broadcasting (DAB) and digital video broadcasting (DVS) is achieved by modifying the modulation constellation over active subcaniers in a way that will not degrade the BER performance. However, this method does not guarantee an optimal PAPR-reduction solution.
In this paper, two new PAPR-reduction algorithms that lead to improved performance are proposed. In the proposed algo- To minimize the PAPR of the transmit signal, one seeks to find a vector c that modifies x to x + c such that the PAPR for the modified signal, i.e.,
is minimized such thatthe BER performance is not degraded.
Denote the number and index set of active subchannels that are chosen for PAPR reduction as n, and Ta. respectively.
Denote the subvector of C composed of the elements with indices in Z , as C . Denote the submatrix of Q composed of columns with indices in 1 , as Q. On the basis of these as- 
III. PAPR REDUCTION FOR PASSBAND MULTICARRIER SYSTEMS
A. PAPR-reduction algorithm based on SOCP method
The optimization problem in (4) can be formulated as a SOCP problem as follows. Let r be the upper bound of the objective function in (4a). It can be readily shown that by including parameter T as an additional design variable, the consuainted optimization problem in (4) can be formulated as 
then the constraints in (13b) can be eliminated by assuming vector C to be of the form [7] , where an accelerated least-pth method is proposed for minimax optimization.
Remark 1: The proposed PAPR-redcution algorithms do not
Remark 2: For the algorithm in [4], the receiver needs critical side information about the generation process to recover the transmit data. If such side information is manageable, then the proposed algorithms can be combined with the algorithm in [4] to further improve the PAPR-reduction performance.
We conclude this section with two remarks: require transmission of any side information.
-
IV. SIMULATIONS
The proposed PAPR-reduction algorithms were applied to several multicarrier communication systems and the PAPR reduction performance was evaluated and compared with that of the algorithms proposed in [4] [5] . A commonly used performance measure for PAPR-reduction algorithms is the clipping probability which is defined as the probability that the PAPR of the multicarrier signal exceeds a given PAPR threshold PAPR, , . Since high peaks of analog signal may occur after the D/A conversion 181, oversampling was applied to approximate the analog signal. In our simulations, all algorithms were applied using signals that were oversampled by a factor of 2, the sampling rate is then increased to 8 times the Nyquist sampling rate by a root-raised cosine filter with a rolloff factor of 0.12.
The example presented below consists of two pans. In the first part, the algorithms proposed in Sec. III are simulated and compared with that of [5]. In the second pan, under the assumption that the side information required by the method of [41 is available, it is demonsmted that the application of the proposed algorithms with the multicarrier signal selected by the method of [4] as an initial point can further reduce the PAPR considerablely.
Exurnpie I :
We considered a multicanier transmitter with N = 64 active subchannels. First, the proposed PAF'R-reduction algorithms with various n , were applied to obtain the optimal peak reduction vector C'. The clipping probability of the algorithms using SOCP and least-pth methods is plotted in Fig. 2 as dash-dot and solid curves, respectively. Then, the performance of the algorithm in [5] , with the target PAPR set to 6 dB, was evaluated and the clipping probability for various numbers of iterations, i.e., itr = 20 and 100 is plotted in the same figure as dashed curves. It is observed that performance improvement can be achieved by Jones' method with 20 iterations, but the algorithm's capability reaches its limit after 100 iterations. For example, for a clipping probability of I-dB PAPR-reduction improvement can be achieved by Jones' method using 20 iterations, but only 1.2-dB improvement can be obtained by Jones' method using 100 iterations. On the 1 other hand, the proposed algorithms using the SOCP and leastpth methods achieve a similar performance when the same n . is used, and they offer a PAPR-reduction performance gain over the method in [5] if n . is properly assigned. For example, for a clipping probability of lo-' and n . set to 28, the proposed algorithms using SCOP and least-pth methods offered a 1.1-and I-dB gain over the algorithm in [SI with itr = 100, respectively. As for computational complexity, as can be seen from Fig. 2 , both of the proposed PAPR-reduction algorithms with n . = IO achieve a performance similar to that of Jones' method with 100 iterations. It turned out, however, that the amount of computation required by the proposed algorithm using SOCP and least-pth methods is 17% and 20% less than that required by Jones' method, respectively. With n , , set to 28, the amount of computation required by the proposed algorithm using least-pth method is approximately 75% of that required by the proposed algorithm using SOCP method.
Example 2: We now consider a multicarrier aansmitter with 64 active subcarrier where the side information required by method of [4] is available. The performance of the algorithm in [4] with the number of candidate sequences, U = 4 and 16, was evaluated and plotted in Fig. 3 and 4 as the dashed curves, respectively. In each case, the proposed algorithm using the least-pth method with the best multicarrier signal selected by the method of [4] as an initial point was then applied. The PAPR-reduction performance achiev-ed after 1 and 2 iterations is shown in the same figures as solid lines. For the case of U = 4, the performance gain was 0.9 dB after 1 iteration and 1.5 dB after 2 iterations. For the case of U = 16, the performance gain was 0.2 dB after 1 iteration and 0.7 dB after 2 iterations. 
V. CONCLUSIONS
Two new PAPR-reduction algorithms for passband multicarrier systems have-been proposed by applying optimal constellation modification in active subcarriers. Our simulations have demonstrated that, in many practical situations, considerable performance improvement can be achieved by the proposed PAPR-reduction algorithms over several existing algorithms.
